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Abstract
Natural cytokine-specific autoantibodies (c-aAb) have been measured in healthy and dis-
eased individuals, and have been considered as both endogenous immune-regulators and
pathogenic factors. Overall, the etiology and potential pathology of c-aAb are still undefined.
To further characterize the sero-prevalence, predictors and consequences of high c-aAb
levels, we performed the largest population-based study of c-aAb to date, using participants
and epidemiological data from the Danish Blood Donor Study. Using a validated bead-
based multiplex assay we assessed plasma levels of IL-1α, IL-6, IL-10, IFNα and GM-CSF-
specific c-aAb in 8,972 healthy blood donors. Trace levels of at least one of the investigated
c-aAb could be measured in 86% of the participants. The presence of high levels of poten-
tially inhibitory c-aAb was generally associated with increasing age and male or female
sex, depending on the c-aAb in question. A negative correlation between high levels of IL-6-
specific c-aAb and plasma levels of C-reactive protein was observed, indicating cytokine-
neutralizing levels of c-aAb in healthy blood donors. There was no substantial correlation
between high levels of the five individual c-aAb investigated in this study. These data sug-
gest that autoimmunity against endogenous cytokines is a relatively common phenomenon
in healthy individuals, and that predictive factors for high, potentially neutralizing c-aAb lev-
els vary depending on the cytokine in question, and may differ from predictors of general
c-aAb presence.
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Introduction
Cytokines play key roles in inflammation and cell biology [1]. They are produced and act in
femto- to nano-molar concentrations, and are extremely bio-potent compared to endocrine
hormones [2]. Systemically, cytokines are normally present at very low concentrations. This is
in contrast to inflamed or immunologically active tissues where cytokine concentrations may
reach nanomolar concentrations [3]. Such conditions impose strict requirements for the
induction of immunological tolerance to endogenous cytokines, which has been shown to be
governed by the autoimmune regulator protein in the thymus [4]. In general, signaling cells
produce a refined mix of different cytokines, some of which exert overlapping functions [5].
This redundancy in the cytokine network implies that the functional lack of one cytokine or
cytokine receptor rarely leads to overt pathology. However, due to their central roles in inflam-
mation and immunity, certain dysregulations of the cytokine network may predispose individ-
uals to infections or autoimmune disorders. One example of a pathological cytokine deficiency
is pulmonary alveolar proteinosis (PAP), a rare disorder involving respiratory restriction and
increased susceptibility to infection [6]. PAP originates from dysregulated macrophage devel-
opment resulting in impaired mucus clearance, with macrophage development relying on the
cytokine granulocyte macrophage colony-stimulating factor (GM-CSF)[7]. Functional inhibi-
tion of cytokines may be caused by cytokine-specific autoantibodies (c-aAb), and a strong link
between PAP and neutralizing levels of GM-CSF-specific c-aAb has been established [7–9].
Several other c-aAb have been linked to lacunar immune deficiencies [10–15], and deficiency
of the autoimmune regulator protein is irrevocably linked to the presence of neutralizing
Interferon (IFN) -specific c-aAb. This is observed in patients suffering from autoimmune
polyendocrinopathy candidiasis ectodermal dystrophy (APECED), a disorder causing highly
variable phenotypes including hypoparathyroidism, adrenal dysfunction and increased sus-
ceptibility to Candida infections [16–18]. Candida risk for APECED patients has been specifi-
cally correlated to IL-17 and -22-specific c-aAb [19].
Over the last decade, multiple studies have reported high avidities of IgG c-aAb in various
patient cohorts, and relatively high levels of high avidity c-aAb in pharmaceutically prepared
pools of plasma-derived human polyclonal IgG [3, 20–24]. Together, these findings suggest
that both B-cell and T-cell tolerance to endogenous cytokines is vulnerable, and that breaking
this tolerance may occur in both diseased and healthy individuals [25–27]. C-aAb may also be
induced in patients in response to cytokine therapy, with such antibodies having the potential
to interfere with treatment [28–30].
Although c-aAb therefore appear to be a potential risk factor for a range of disorders,
including immune deficiency, their presence in apparently healthy individuals gives rise to a
mixed picture of their exact clinical significance. Furthermore, c-aAb against pro-inflamma-
tory cytokines such as IL-1α and IL-17 have been observed to correlate with decreased disease
severity in arthritis patients [31–34], and have been speculated to act as a protective mecha-
nism. C-aAb in general have also been proposed to act as endogenous immunoregulators [35].
Whether c-aAb represents a regulatory mechanism or a dysfunction of immunologic tolerance
is an open question, but it is clear that c-aAb mediated cytokine neutralization might have
decisive effects on health.
In order to further understand the role of c-aAb, we wanted to investigate the prevalence
and significance of high levels of naturally occurring c-aAb in a healthy population, to identify
epidemiological predictors, and create a reference work for future studies. For this purpose we
utilized participants in the Danish Blood Donor Study (DBDS), a well-characterized popula-
tion with pre-existing epidemiological and biomarker data. Thus, using blood donors as repre-
sentatives of a healthy population we were able to screen 8,972 individuals for the presence of
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five c-aAb which had been previously characterized by our group [3, 24, 25, 28, 30, 36–41]. We
found c-aAb to be a common phenomenon. Age, sex and smoking status correlated with the
presence of detectable c-aAb levels, and age and sex correlated with increased susceptibility to
high levels of individual c-aAb. A functional effect of elevated levels of interleukin-6 (IL-6)-
specific c-aAb was suggested by an association to lower blood C-reactive protein (CRP) levels.
Materials and methods
Coupling of cytokine to microspheres
Cytokine-coupling was performed as previously described [41]. Briefly, MagPlex Microspheres
(Luminex Corp., Austin, Texas) were activated using 100 mM 6.2 pH NaH2PO4 (Sigma-
Aldrich, St. Louis, Missouri), containing 2.5 mg/ml N-hydroxysulfosuccinimide (Sigma-
Aldrich) and N-(3 dimethylaminopropyl)-N0-ethylcarbodiimide hydrochloride (Sigma-
Aldrich). Beads were washed in PBS (pH 7.4) and incubated with PBS-dissolved cytokine
(4 μg/1.25  106 beads) for 2 hours at room temperature, followed by blocking for 30 minutes
using PBS containing 2% BSA(Sigma-Aldrich), 0.5% (v/v) Tween 20 and 0.05% (w/v) Sodium
Azide. Beads were finally washed and re-suspended in blocking buffer and stored at 4˚C in the
dark until use. Recombinant human carrier-free IL-1α, IL-6, IL-10, IFNα (isoform IFNA2a)
and GM-CSF were purchased from R&D systems (Abingdom, United Kingdom).
Anti-cytokine autoantibody multiplex assay
The indirect, pseudo-quantitative serological assays were performed as previously described
[41], with minor modifications. In brief, plasma was mixed with assay buffer and cytokine-
conjugated MagPlex beads for a final 10-fold plasma dilution. The mixture was incubated for 1
hour at room temperature with gentle shaking. Beads received 3 washes in assay buffer, and
2.5 μl secondary polyclonal goat F (ab’)2 anti-human IgG PE-conjugated antibody (Catalog
#H10104, Thermo Fisher Scientific, Waltham, Massachusetts) in 100 μl assay buffer dilution
was added to each well. Following 30 minutes of incubation, the beads received another 3
washes and assays were stored overnight at 4˚C in assay buffer. The following day assays were
analyzed using the Luminex 100 system (Luminex Corp.) and StarStation software (Luminex
Corp.). Median Fluorescence Intensity (MFI) was determined for the MagPlex beads of each
sample. MFI indirectly reflects the amount of free c-aAb cytokine binding sites in a sample,
and was chosen as a pseudo-quantitative measure of sample c-aAb concentration. Prior studies
have confirmed the cytokine specificity of measured c-aAb MFI signals, and previously charac-
terized c-aAb negative plasma was used as a negative control. As a positive control we used a
pool of 5 plasma samples with high and c-aAb-specific MFI values, at an 8-fold final pool dilu-
tion. Participants with MFI values greater than the negative control + 4 standard deviations
(SD) were classified as having a positive c-aAb signal, as these cutoffs corresponded to previ-
ously observed lower limits of specific c-aAb signals. The average MFI values (with SD) of the
negative control were 127 (± 27), 75 (± 15), 50 (± 9), 44 (± 9) and 99 (± 27) for IL-1α, IL-6, IL-
10, IFNα and GM-CSF-specific c-aAb respectively, and the average MFI’s for the positive con-
trol were 8,194 (± 733), 18,704 (± 1,410), 1,797 (± 235), 4,073 (± 522) and 7,085 (± 729). Sam-
ples were run in monoplicates.
For the IgG-pool experiments we utilized Privigen1 from CSL Behring (Bern, Switzerland),
corresponding to approximately 20,000 donors each. IgG pools for this study were based on
Danish plasma, as part of a tender between the Danish health care system and CSL Behring
(http://www.cslbehring.dk/fra-dansk-donor-til-dansk-patient). Privigen1 was serially diluted
in assay buffer and incubated with beads as above. Signal specificity was tested by 1 hour of
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pre-incubation of serially diluted Privigen1 with 100 nM of each cytokine, prior to mixing
with cytokine-conjugated beads.
Participants
Samples were obtained from the first 20,000 participating blood donors from DBDS [42–45], a
prospective study which consists of more than 110,000 participants as of April 2017 (www.
dbds.dk). Participating blood donors completed a questionnaire (Images in S1 file), granted
permission for routine blood samples to be used for research, and represent healthy individu-
als within an age range of 18–67 years. Participant body mass index (BMI) was calculated as
self-reported weight (kg) divided by self-reported height (m) squared. BMI values were dis-
carded in the case of unrealistic anthropometric outliers. Obesity was defined as having
BMI> 30. Smokers were defined as “active use of tobacco” at the time of inclusion, with
“active use of tobacco” itself defined as having given the first or second answer to question
17 (“do you smoke”), and skipping to question 20 as instructed (Images in S1 file). CRP levels
were measured in plasma samples taken upon inclusion of the participants using the Vitros1
5600 integrated system (Ortho Clinical Diagnostic, NJ, USA). Plasmas were stored at -20˚C
prior to analysis and thawed once prior to CRP measurement, and once more prior to c-aAb
measurement. For 892 of the included participants, information on smoking status, weight/
height, or CRP level was missing.
Ethical considerations
Upon enrollment into the study, participants provided written and oral informed consent. The
described study investigated normally occurring c-aAb in healthy individuals. No definitive
causative association between c-aAb in healthy individuals and disease risk has been estab-
lished. This study was approved in the Danish ethical committee system under the code num-
bers 01-110/98, H-15000761 and M-20090237. The biobank and research database was
approved by the Danish Data Protection Agency (2007-58-0015). The study was conducted
according to the principles of the Helsinki Declaration.
Statistical analysis
Chi-squared tests were used to test for associations between the presence of positive or high
levels of the five investigated c-aAb. Positive levels of c-aAb for individual participants were
defined as MFI values above the previously listed negative background + 4 SD, and high c-aAb
levels were defined as MFI above the 99th MFI percentile of the population.
Logistic regression analyses were used for identification of predictors of high levels of c-
aAb. First we performed a series of univariate analyses using age (expressed in decades), sex,
obesity (BMI>30), current smoking habits and CRP as independent variables, and the dichot-
omous outcome of having high levels of c-aAb or not as the dependent variable. CRP was log-
transformed in all analyses involving continuous CRP data, in order to approximate a normal
distribution. Subsequently, we performed multivariate logistic regression analysis using all the
aforementioned independent variables. Logistic regression analyses were also applied to evalu-
ate predictors of positive c-aAb MFI values, using the independent variables listed above.
Multivariate linear and logistic regression analyses were performed to assess c-aAb as pre-
dictors for CRP levels. Linear regression analyses were based on log-transformed CRP as the
dependent variable, and logistic regression analyses were based on a dichotomous variable
called “CRP-low” as the dependent variable. The CRP detection limit of the assay was 0.1 mg/
L, and participants with CRP< 0.1 mg/L were classified as “CRP-low”. The regression analyses
included high levels of c-aAb, age, sex, obesity and smoking status as independent variables.
Predictors of cytokine autoantibodies in healthy blood donors
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T-tests were performed to test for differences between men and women for normally dis-
tributed variables (age, BMI and log-transformed CRP), as well as the relation of c-aAb MFI
values to age, sex obesity and smoking. Chi-squared tests were done for the correlation of
dichotomous variables (sex, smoking status and “CRP-low”). The general distribution of c-
aAb MFI values as stratified by age (above/below the mean age of the population), sex, obesity
and smoking status, were analyzed by Wilcoxon rank-sum tests.
Statistical analyses were made using the STATA software (STATA/IC 14 for PC, StataCorp,
College Station, TX). P values below 0.05 were considered statistically significant.
Results
Characteristics of the cohort
The study population comprised 8,972 unique healthy blood donors, who were enrolled in the
DBDS cohort between March 1st and December 31st, 2010. The basic characteristics of the
study population are summarized in Table 1. Data shown are based on participants with avail-
able questionnaire data relevant to the respective parameters. Men were significantly older
than women, had a higher BMI, and lower levels of CRP (p< 0.001).
Levels of c-aAb in plasma from healthy blood donors
To assess the distribution of c-aAb plasma levels we performed a multiplex screening of IL-1α,
IL-6, IL-10, IFNα and GM-CSF-specific c-aAb. Participants having MFI values above the
negative control mean + 4 SD were considered positive for c-aAb. IL-6-specific c-aAb was the
most prevalent c-aAb, being detectable in 65% of all participants, and GM-CSF-specific c-aAb
appeared to be the rarest with a prevalence of 10%. Overall, 85.8% of the participants were pos-
itive for at least one of the five investigated c-aAb (Fig 1 and Table 2).
Levels of c-aAb in healthy Danish blood donor-derived IgG pools
To further assess the prevalence of c-aAb, we screened for IL-1α, IL-6, IL-10, IFNα and
GM-CSF-specific c-aAb in commercial IgG pools derived from approximately 20,000 healthy
Table 1. Characteristics of the study population (n = 8,972).
Men (n = 4,680) Women (n = 4,292) Total (n = 8,972) p value, men vs women*
Age (years)** 41 (± 12.2) 38.7 (± 12.4) 39.9 (± 12.4) < 0.001
BMI (kg/m2)** 25.6 (± 3.5) 24.5 (± 4.1) 25.1 (± 3.9) < 0.001
Non-obese: BMI<30*** 89.5% (n = 3,887) 89.7% (n = 3,633) 89.6% (n = 7,520) 0.810
Obesity: BMI30*** 10.5% (n = 455) 10.3% (n = 418) 10.4% (n = 873)
Smokers *** 16.4% (n = 709) 18% (n = 722) 17.2% (n = 1,431) 0.055
Non-smokers*** 83.6% (n = 3,610) 82% (n = 3,289) 82.8% (n = 6,899)
CRP (mg/L)**** 0.4 (0.1;1.2) 0.7 (0.2;2.0) 0.6 (0.2;1.5) < 0.001
Undetectable:<0.1 mg/L*** 23.8% (n = 1,098) 18.4% (n = 775) 21.2% (n = 1,873) < 0.001
Detectable:>0.1 mg/L*** 76.2% (n = 3,513) 81.6% (n = 3,437) 78.8% (n = 6,950)
*Statistical significant difference tested through t-tests for continuous variables (age, BMI and log10 transformed CRP), and chi-squared tests for
dichotomous variables (sex, obesity, smoking, detectable CRP levels)
** Data presented as mean ± SD
*** Data presented as percentage of group
****Data presented as median with interquartile range
https://doi.org/10.1371/journal.pone.0179981.t001
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Danish blood donors (Privigen1). The assay detected the presence of all five c-aAb in three
separate IgG pools (Fig 2). In order to confirm the signal specificity, IgG pool dilutions were
pre-incubated with 100 nM of free cytokines prior to mixing with cytokine-conjugated beads.
We observed high levels of signal reduction (41–83%) for IL-1α, IL-6, IFNα and GM-CSF-spe-
cific c-aAb in cytokine pre-treated samples and a moderate reduction (8–43%) for IL-10-spe-
cific c-aAb (Figure in S2 file).
Fig 1. Distribution of MFI for five c-aAb in healthy blood donors. Plasma samples from 8,972 healthy
participants were diluted 10-fold and incubated with cytokine-conjugated MagPlex beads. High levels of c-aAb
MFI signals were defined as the 99th MFI percentile (black lines), as described in materials and methods.
White lines indicate median with interquartile range. One screening was performed per sample.
https://doi.org/10.1371/journal.pone.0179981.g001
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Correlation of individual c-aAb levels
In order to investigate the relationship between different c-aAb, we performed chi-squared
tests for correlation of the presence of positive MFI values for the five c-aAb. MFI levels of all
five c-aAb were positively correlated with each other (p < 0.001, Table 3). We defined a sub-
set of donors with c-aAb MFI values above the 99th percentile to have high levels of c-aAb
(Fig 1). We observed no significant association between high levels of the different c-aAb,
with the exception of GM-CSF and IL-1α-specific c-aAb (3/8,972 participants, p = 0.026,
Table 3).
Age, sex, obesity and smoking as predictors of c-aAb levels
Through Wilcoxon rank-sum tests, we assessed the overall distribution of c-aAb MFI values in
relation to age, sex, obesity and smoking habits. Negative correlations of MFI medians to age,
female sex, and smoking status were observed (figure in S3 File). Using univariate and multi-
variate logistic regression analyses, we then investigated these epidemiological parameters as
potential predictive factors for having high levels of the individual c-aAb. In the initial univari-
ate analyses, these variables again expressed p values of 0.1 for at least one of the investigated
Table 2. Distribution of c-aAb in the study population (n = 8,972).
C-aAb specificity MFI cutoff for c-aAb”positive”** Frequency c-aAb”positive”* MFI cutoff for c-aAb”high”** Frequency c-aAb “High”**
IL-6 135 65% (n = 5,835) 7.461 1% (n = 90)
IL-1α 235 48.5% (n = 4,349) 9,001 1% (n = 90)
IL-10 86 35.5% (n = 3,186) 1,051 1% (n = 90)
IFNα 80 34% (n = 3,048) 2,129 1% (n = 90)
GM-CSF 207 10% (n = 894) 5,487 1% (n = 90)
Any of the above See above 85.8% (n = 7,562) See above 4.9% (n = 441)
* MFI >mean negative control + 4 SD
** MFI > 99th MFI percentile
https://doi.org/10.1371/journal.pone.0179981.t002
Fig 2. IgG pool c-aAb dilution. A pool of IgG derived from Danish blood donors (Privigen®) was serially
diluted in assay buffer followed by incubation with cytokine-conjugated MagPlex beads and analysis on a
Luminex 100 platform. The IgG pool c-aAb levels were analyzed at a final dilution range of 0.625 to 50 mg/ml.
The data shown represent averages with SD for experiments with 3 individual lots of Privigen©.
https://doi.org/10.1371/journal.pone.0179981.g002
Predictors of cytokine autoantibodies in healthy blood donors
PLOS ONE | https://doi.org/10.1371/journal.pone.0179981 June 30, 2017 7 / 17
c-aAb, and were thus included in the subsequent multivariate logistic regression analyses
(Table 4). In the following, we will focus on results from these multivariate logistic regression
analyses, in addition to further analyses investigating the combined epidemiological variables
as predictors of detectable c-aAb MFI signals (figure in S4 File).
IL-1α-specific c-aAb. Increased age was associated with high levels of IL-1α-specific c-
aAb (Odds Ratio (OR) = 1.60, 95% Confidence Interval (CI) = 1.34–1.91, p < 0.001, Fig 3A,
Table 4). Women were significantly less likely to express IL-1α-specific c-aAb at high levels
(OR = 0.44, 95% CI = 0.27–0.72, p = 0.001, Fig 3B, Table 4). In logistic regressions using posi-
tive c-aAb MFI levels as the dependent variable, a significant positive correlation to male sex
was again observed (p <0.001, Figure B in S4 File), along with a negative association with
smoking (p = 0.053, Figure D in S4 File). A negative correlation to age was also observed for
positive c-aAb levels (p <0.001, Figure A in S4 File).
IL-6-specific c-aAb. Increased age was associated with highly elevated IL-6- specific c-
aAb (OR = 1.28, CI = 1.08–1.52, p = 0.002, Fig 3A, Table 4), yet negatively associated with the
presence of detectable c-aAb MFI (p< 0.001, Figure A in S4 File). High levels of IL-6-specific
c-aAb tended to be positively associated with female sex, (p = 0.055, Fig 3B, Table 4).
IL-10-specific c-aAb. High levels of IL-10-specific c-aAb were associated with increased
age (OR = 1.32, 95% CI = 1.12–1.62, p = 0.001, Fig 3A, Table 4). Women tended to be less
likely to present IL-10-specific c-aAb at high levels (OR = 0.67, 95% CI = 0.43–1.05, p = 0.062,
Fig 3B, Table 4), as well as positive levels of IL-10 c-aAb overall (p< 0.001, Figure B in S4
File). Positive levels of IL-6 c-aAb were also negatively correlated with smoking (p< 0.001,
Figure D in S4 File)
Table 3. Correlation of c-aAb levels.
IL-1α c-aAb IL-6 c-aAb IL-10 c-aAb IFNα c-aAb GM-CSF c-aAb
IL-1α c-aAb C-aAb MFI positive* Test statistic - 644 209 711 1,100
p value - <0.001 <0.001 <0.001 <0.001
High c-aAb MFI** Test statistic - 0.011 0.011 0.011 4.971
p value - 0.918 0.918 0.918 0.026
IL-6 c-aAb C-aAb MFI positive* Test statistic 644 - 103 500 604
p value <0.001 - <0.001 <0.001 <0.001
High c-aAb MFI** Test statistic 0.011 - 0.921 1.361 0.921
p value 0.918 - 0.337 0.243 0.337
IL-10 c-aAb C-aAb MFI positive* Test statistic 209 103 - 180 229
p value <0.001 <0.001 - <0.001 <0.001
High c-aAb MFI** Test statistic 0.011 0.921 - 0.011 0.921
p value 0.918 0.337 - 0.918 0.337
IFNα c-aAb C-aAb MFI positive* Test statistic 711 500 180 - 1,000
p value <0.001 <0.001 <0.001 - <0.001
High c-aAb MFI** Test statistic 0.011 1.361 0.011 - 0.011
p value 0.918 0.243 0.918 - 0.918
GM-CSF c-aAb C-aAb MFI positive* Test statistic 1,100 604 229 1,000 -
p value <0.001 <0.001 <0.001 <0.001 -
High c-aAb MFI** Test statistic 4.971 0.921 0.921 0.011 -
p value 0.026 0.337 0.337 0.918 -
* The presence of c- aAb positivity were defined as MFI values above the negative control + 4 SD, and were correlated using chi-squared tests
** High levels of c-aAb were defined as MFI values above the 99th percentile, and were correlated using chi-squared tests
https://doi.org/10.1371/journal.pone.0179981.t003
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IFNα-specific c-aAb. None of the investigated epidemiological factors were observed to
be predictors of high levels of IFNα-specific c-aAb in uni- or multivariate logistic regression
analyses (Fig 3, Table 4). Positive IFNα specific c-aAb levels were negatively correlated with
age (p< 0.001, Figure A in S4 File), female sex (p = 0.046, Figure A in S4 File), and smoking
status (p< 0.001, Figure D in S4 File).
GM-CSF-specific c-aAb. Increased age was associated with GM-CSF-specific c-aAb at
high levels (OR = 1.22, 95% CI = 1.05–1.48, p = 0.017, Fig 3A, Table 4). Female sex and smok-
ing status were negatively correlated to positive c-aAb levels (p< 0.001, Figures B and D in
S4 File).
High levels of IL-6-specific c-aAb as a predictor of low CRP levels
In order to investigate c-aAb mediated cytokine-neutralization in healthy individuals, we eval-
uated c-aAb as predictors of the levels of the inflammatory marker CRP. Using log-trans-
formed CRP as the dependent variable we performed multivariate linear regression analyses,
and observed a significant negative correlation between high levels of IL-6-specific c-aAb and
CRP (p< 0.001, Fig 4A). We then investigated high levels of c-aAb as predictors of having
undetectable CRP levels (< 0.1 mg/L), which we defined as “CRP-low” (Table 1). Through
logistic regression analyses we again observed a significant association of high levels of IL-
6-specific c-aAb and “CRP-low” status (OR = 2.53, 95% CI = 1.57–4.08, p< 0.001), and no sig-
nificant association between CRP and other c-aAb (Fig 4B).
Table 4. Univariate and multivariate analysis of predictors of high levels of c-aAb*.
Age (decades) Sex (women = 1) Obesity (obese = 1) Smoking (smoker = 1) CRP (log mg/L)
High levels of IL-1α c-aAb Univariate analysis** OR (95% CI) 1.67 (1.40–1.98) 0.39 (0.25–0.63) 1.71 (0.96–3.05) 0.51 (0.23–1.10) 1.09 (0.95–1.25)
p value <0.001 <0.001 0.069 0.079 0.240
Multivariate analysis *** OR (95% CI) 1.60 (1.34–1.91) 0.44 (0.27–0.72) 1.29(0.79–2.40) 0.50 (0.23–1.09) 1.09 (0.92–1.28)
p value <0.001 0.001 0.223 0.083 0.569
High levels of IL-6 c-aAb Univariate analysis** OR (95% CI) 1.24 (1.05–1.47) 1.37 (0.90–2.08) 1.42 (0.77–2.63) 1.19 (0.67–2.12) 0.82 (0.71–0.94)
p value 0.010 0.142 0.262 0.560 0.006
Multivariate analysis *** OR (95% CI) 1.28 (1.08–1.52) 1.53 (0.99–2.38) 1.56 (0.78–3.14) 1.22(0.69–2.19) 0.65 (0.76–0.88)
p value 0.002 0.055 0.204 0.487 0.000
High levels of IL-10 c-aAb Univariate analysis** OR (95% CI) 1.31 (1.12–1.56) 0.66 (0.43–1.01) 0.54 (0.22–1.33) 1.12 (0.63–1.99) 1.09 (0.95–1.26)
p value 0.001 0.057 0.177 0.701 0.214
Multivariate analysis *** OR (95% CI) 1.32 (1.12–1.57) 0.67 (0.43–1.05) 0.48 (0.19–1.20) 0.98 (0.56–1.85) 1.14 (0.98–1.33)
p value 0.001 0.062 0.073 0.950 0.786
High levels of IFNα c-aAb Univariate analysis** OR (95% CI) 0.98 (0.83–1.16) 1.43 (0.94–2.18) 0.74 (0.34–1.61) 0.59 (0.29–1.23) 1.04 (0.91–1.20)
p value 0.830 0.094 0.451 0.162 0.545
Multivariate analysis *** OR (95% CI) 1.01 (0.84–1.20) 1.38 (0.89–2.14) 0.72 (0.31–1.60) 0.57 (0.28–1.28) 1.06 (0.91–1.23)
p value 0.921 0.156 0.418 0.130 0.473
High levels of GM-CSF c-aAb Univariate analysis** OR (95% CI) 1.23 (1.05–1.46) 1.09 (0.72–1.65) 1.17 (0.60–2.27) 0.70 (0.35–1.40) 0.99 (0.86–1.13)
p value 0.013 0.680 0.650 0.308 0.855
Multivariate analysis *** OR (95% CI) 1.22 (1.05–1.48) 1.24 (0.79–1.93) 0.90 (0.42–1.92) 0.61 (0.30–1.29) 0.95 (0.88–1.17)
p value 0.017 0.353 0.792 0.197 0.567
* High levels of c-aAb defined as MFI values above the 99th percentile
** Univariate logistic regression analyses with high c-aAb levels as the dependent variable, and age, sex, obesity, smoking and CRP as alternate
independent variables. Obesity was defined as having BMI>30, smoking was defined as being an active consumer of tobacco at the time of sampling, and
CRP (mg/l) was log-transformed prior to analysis. Age was expressed in decades.
*** Multivariate logistic regression analyses with high c-aAb levels as the dependent variable, and age, sex, obesity, smoking and CRP (defined as above)
as the independent variables.
https://doi.org/10.1371/journal.pone.0179981.t004
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Discussion
In this study 86% of a normal healthy blood donor population expressed detectable levels of at
least one of five c-aAb, demonstrating that loss of immunological tolerance against certain
cytokines is a common feature in humans. This finding was substantiated by the relatively
high c-aAb levels in pharmaceutically prepared IgG pools based on plasma from 20,000 Danish
blood donors. IL-1α and IL-6-specific c-aAb appeared to be the most common, with a sero-
prevalence of 48.5 and 65%, respectively. In prior studies the estimated prevalence of IL-1α-
specific c-aAb has ranged from 5 to 40% in healthy individuals, based on a variety of criteria
for being c-aAb positive [46–48], indicating a necessity for high-powered c-aAb screenings of
healthy individuals using validated assays. IL-1α-specific c-aAb have generally appeared to be
more common than other c-aAb, in line with our results [49]. GM-CSF-specific c-aAb were
Fig 3. Correlation between c-aAb positivity and epidemiological parameters. Multivariate logistic regression analysis
was used to investigate the predictors of high levels of individual c-aAb. Age, sex, obesity, smoking and CRP were used as
independent variables and high levels of c-aAb as the dependent variable. For dichotomous variables high levels of c-aAb,
female sex, active smoking and obesity were defined as “1”. Data are presented as OR with 95% confidence interval for
age, sex, obesity, and smoking (panels A-D) as predictors of high levels of c-aAb. * denotes a p value of < 0.05,
**p < 0.01, and ***P 0.001.
https://doi.org/10.1371/journal.pone.0179981.g003
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the most rare and yet, as previously observed, the GM-CSF-specific c-aAb signal was the most
predominant in the IgG pools [24]. This supports the notion that the prevalence and levels of
c-aAb may vary considerably depending on the cytokine in question, and we speculate that a
few extremely positive donors may dominate the binding capacity of a large IgG pool. The
lower levels of detectable IL-10 and IFNα-specific c-aAb are in line with the existing literature
[24, 50], but could also be due to a lower assay sensitivity based on variable efficiency of cyto-
kine-coupling to MagPlex beads. For this reason, we defined “high levels” of c-aAb as the 99th
MFI percentile for the respective c-aAb.
Though there was a significant positive correlation between positive levels of the various c-
aAb, this correlation did not extend to high c-aAb levels, with the exception of a slight positive
correlation between IL-1α and GM-CSF-specific c-aAb. Younger age was a significant predic-
tor of detectable c-aAb for most of the antibodies investigated, yet the most common predictor
of high levels of c-aAb was age, which had a significant positive association to all c-aAb except
for the IFNα-specific. With a maximum age of 67 years, the number of elderly individuals in
our population was limited, and it will therefore be important to further explore the c-aAb
prevalence in cohorts of older individuals, as well as their potential relevance in certain age-
related conditions. This may be particularly relevant for IL-1α and IL-10-specific c-aAb, as
reports have indicated a decline in the systemic levels of these cytokines with age [51, 52]. If
present, c-aAb could thus further impair an already reduced cytokine response.
We confirmed a previously established association of high IL-1α-specific c-aAb levels with
male sex [48]. Additionally, men tended to have high levels of IL-10-specific c-aAb, and
increased likelihood of detectable IL-1α, IL-10, IFNα and GM-CSF specific c-aAb. Uniquely
among the investigated antibodies, women tended to have high levels of IL-6 c-aAb. Obesity is
increasingly understood to influence inflammation and autoimmunity [44, 53], and previous
findings have implicated IL-6-specific c-aAb in type 2 diabetes and obesity [37], yet we did not
find obesity to be a predictive factor for high or detectable levels of c-aAb. Likewise, smoking
Fig 4. C-aAb as a predictor of CRP. A: Log-transformed CRP was used as the dependent variable in a series of linear regression
analyses, with sex, age, obesity, active smoking and high levels of c-aAb as independent variables. High levels of c-aAb were
defined as MFI values above the 99th percentile. Data are presented as regression coefficients with 95% confidence intervals. B:
Participant status of being CRP-low (CRP < 0.1 mg/L) was used as the binary dependent variable in a series of logistic regression
analyses, with sex, age, obesity, active smoking and high levels of c-aAb as independent variables. Data are presented as OR in
favor of being CRP-low, with 95% confidence intervals. ***denotes a p value of 0.001.
https://doi.org/10.1371/journal.pone.0179981.g004
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has been established as a potential inducer of autoimmunity [54], yet a general negative corre-
lation of smoking was found to the odds of having detectable c-aAb levels, and no significant
association was found to high levels of c-aAb. Thus, it appears that the etiologies of highly ele-
vated c-aAb levels vary from those of generally detectable c-aAb levels. In addition, apart from
the almost uniformly observed positive correlation with age, the etiologies of highly elevated
c-aAb levels seem to vary according to the c-aAb in question, with male sex expressing a posi-
tive tendency for high IL-1α and IL-10 c-aAb, and female sex an association to high levels of
IL-6 c-aAb. This variable etiology is supported by the limited overlap between high levels of
the different c-aAb in individual donors.
We observed a significant negative correlation between high levels of IL-6-specific c-aAb
and plasma CRP levels, and high-levels of IL-6 c-aAb correlated with undetectable levels of
CRP. As CRP is an inflammatory marker induced by IL-6 [55], and since this correlation was
unique to IL-6-specific c-aAb, these data suggest the presence of cytokine inhibitory levels of
IL-6-specific c-aAb. This finding is in concordance with previous experimental observations
[11–13, 39, 40]. Apparently the correlation was not affected by smoking status, despite smok-
ing being known to affect CRP levels [44, 56]. The exact scale of c-aAb mediated functional
cytokine suppression in healthy plasmas will need to be determined in future in vitro bioas-
says. It is worth noting that the levels of IL-6-specific c-aAb in the IgG pools were well below
the potentially IL-6 inhibiting threshold when diluted to plasma-equivalent antibody concen-
trations. This suggests that clinical use of IgG pools at normal concentrations does not cause
substantial IL-6 neutralization. The relationship between IL-6-specific c-aAb and CRP raises
the question of whether individuals with high levels of other c-aAb may express currently
neglected signs of functional cytokine suppression. The presence of high levels of c-aAb in
apparently asymptomatic individuals, however, supports the notion that cytokine redundancy
may effectively compensate for single-cytokine deficiencies. Blood donors may thus be healthy
carriers of inhibitory levels of c-aAb, which may in turn be passed on to patients via blood
transfusion.
Further studies are needed to determine the exact influence of c-aAb in apparently asymp-
tomatic individuals, as well as the effect of duration of exposure to high c-aAb levels on health
outcome; It is possible that the observed correlation between c-aAb and CRP or previously
established links to diseases such as PAP are caused by long-lasting c-aAb responses, and that
temporarily elevated levels of c-aAb represent endogenous regulation, which does not lead to
such effects.
Strengths and limitations of the study
The study utilized an assay that has been extensively validated using samples with known c-
aAb activity, as determined by radio-immunoassays. The assay has also been tested for cross-
cytokine reactivity. As the MFI signal is determined by the number of free antigen binding
sites, it is possible that a part of the MFI signal represents immune complexes with free antigen
binding sites. Alternately, immune complexes without free binding sites may mask c-aAb MFI
signals. The measurements of IL-10 c-aAb and data relating to displacement of the MFI values
of IgG pools indicate that the sensitivity of the assay may be low for IL-10-specific c-aAb. IL-
10 is a dimer, and it is possible that the coupling of IL-10 on MagPlex beads denature IL-10 in
such a way that certain epitopes are lost. It is an attention point that we intend to examine
more closely.
The nature of our population allowed us to exclude disease and medical treatment as factors
influencing c-aAb levels, but this could also be seen as a limitation of our study. Blood donors
are healthier than the general population, and the use of this selected population may have
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caused an underestimation of the impact of c-aAb on health. A long-lasting c-aAb response
could cause exacerbated effects of cytokine neutralization, eventually excluding the individual
from donating blood and thus participating in DBDS. Furthermore, anthropometric parame-
ters such as weight and height were self-reported.
Conclusion
We observed detectable levels of IL-1α-, IL-6-, IL-10-, IFNα- and GM-CSF-specific c-aAb in
the plasma of 86% of Danish blood donors, with young age, male sex and non-smoking status
as the most common predictors of increased likelihood of detectable c-aAb. The prevalence of
c-aAb varied depending on c-aAb specificity, with IL-1α and IL-6-specific c-aAb being the
most prevalent. The epidemiological predictors of high c-aAb levels included advancing age
and variable sex, depending on the c-aAb in question. Though a general positive association
between different c-aAb MFI levels was observed, there was only minor overlap between
highly elevated levels of the five investigated c-aAb, suggesting different etiologies depending
on the c-aAb in question. Our data confirmed that high levels of IL-6-specific c-aAb have a sig-
nificant negative association with CRP plasma levels, and thus suggest that healthy blood
donors may harbor c-aAb at cytokine-inhibiting levels. Neutralizing levels of c-aAb in appar-
ently healthy individuals underscores the importance of functional redundancy in the cytokine
network.
Supporting information
S1 File. Danish and English questionnaires for the Danish Blood Donor Study.
(PDF)
S2 File. Specific c-aAb signals in human IgG pool. An IgG pool derived from 20,000 Danish
blood donors was serially diluted and pre-incubated with 100 nM of cytokine prior to incuba-
tion with cytokine-conjugated MagPlex beads, as described in the materials and methods sec-
tion. Data represent average percentage MFI signal displacement with SD, and are
representative of experiments on 3 separate IgG pools.
(TIF)
S3 File. Univariate analyses of epidemiological variables as predictors of continuous c-aAb
MFI signals. Using a series of Wilcoxon rank-sum tests, the association of continuous c-aAb
MFI signals to age, sex, obesity and smoking status (all expressed as dichotomous variables,
panels A-D) respectively was determined. For the dichotomous variables, being above the
mean age of 39.9 years, female sex, active smoking and obesity were defined as “1”. MFI data
from all 8,972 participants was included, and results are presented as MFI medians with inter-
quartile range.  denotes a p value of< 0.05, p< 0.01, p 0.001.
(TIF)
S4 File. Multivariate analyses of epidemiological variables as predictors of continuous c-
aAb MFI signals. Multivariate logistic regression analysis was used to investigate the predic-
tors of detectable levels of individual c-aAb. Age, sex, obesity, smoking and CRP were used as
independent variables and high levels of c-aAb as the dependent variable. For dichotomous
variables high levels of c-aAb, female sex, active smoking and obesity were defined as “1”.
Data are presented as OR with 95% confidence interval for age, sex, obesity, and smoking
(panels A-D) as predictors of positive levels of c-aAb.  denotes a p value of< 0.05, p< 0.01,
and  P 0.001.
(TIF)
Predictors of cytokine autoantibodies in healthy blood donors
PLOS ONE | https://doi.org/10.1371/journal.pone.0179981 June 30, 2017 13 / 17
Acknowledgments
We would like to thank the participants of DBDS for making this study possible.
Author Contributions
Conceptualization: Jakob Hjorth von Stemann, Daniel Guldager Kring Rasmussen, Morten
Bagge Hansen.
Data curation: Jakob Hjorth von Stemann, Andreas Stribolt Rigas, Lise Wegner Thørner,
Klaus Rostgaard.
Formal analysis: Jakob Hjorth von Stemann, Andreas Stribolt Rigas.
Funding acquisition: Ole Birger Pedersen, Christian Erikstrup, Henrik Ullum, Morten Bagge
Hansen.
Investigation: Jakob Hjorth von Stemann.
Methodology: Jakob Hjorth von Stemann, Daniel Guldager Kring Rasmussen, Morten Bagge
Hansen.
Project administration: Jakob Hjorth von Stemann, Morten Bagge Hansen.
Resources: Ole Birger Pedersen, Klaus Rostgaard, Christian Erikstrup, Henrik Ullum, Morten
Bagge Hansen.
Supervision: Henrik Ullum, Morten Bagge Hansen.
Visualization: Jakob Hjorth von Stemann.
Writing – original draft: Jakob Hjorth von Stemann, Morten Bagge Hansen.
Writing – review & editing: Jakob Hjorth von Stemann, Andreas Stribolt Rigas, Lise Wegner
Thørner, Ole Birger Pedersen, Christian Erikstrup, Henrik Ullum, Morten Bagge Hansen.
References
1. Garlanda C, Dinarello CA, Mantovani A. The interleukin-1 family: back to the future. Immunity. 2013; 39
(6):1003–18. https://doi.org/10.1016/j.immuni.2013.11.010 PMID: 24332029
2. Svenson M, Kayser L, Hansen MB, Rasmussen AK, Bendtzen K. Interleukin-1 receptors on human thy-
roid cells and on the rat thyroid cell line FRTL-5. Cytokine. 1991; 3(2):125–30. PMID: 1832317
3. de Lemos RC, Galle P, Hansen MB. Characterization and potential clinical applications of autoantibod-
ies against cytokines. Cytokine Growth Factor Rev. 2009; 20(1):61–75. https://doi.org/10.1016/j.
cytogfr.2009.01.003 PMID: 19213592
4. Anderson MS, Venanzi ES, Klein L, Chen Z, Berzins SP, Turley SJ, et al. Projection of an immunologi-
cal self shadow within the thymus by the aire protein. Science. 2002; 298(5597):1395–401. https://doi.
org/10.1126/science.1075958 PMID: 12376594
5. Calabrese LH, Rose-John S. IL-6 biology: implications for clinical targeting in rheumatic disease. Nat
Rev Rheumatol. 2014; 10(12):720–7. https://doi.org/10.1038/nrrheum.2014.127 PMID: 25136784
6. Seymour JF, Presneill JJ. Pulmonary alveolar proteinosis: progress in the first 44 years. Am J Respir
Crit Care Med. 2002; 166(2):215–35. https://doi.org/10.1164/rccm.2109105 PMID: 12119235
7. Kitamura T, Tanaka N, Watanabe J, Uchida, Kanegasaki S, Yamada Y, et al. Idiopathic pulmonary alve-
olar proteinosis as an autoimmune disease with neutralizing antibody against granulocyte/macrophage
colony-stimulating factor. J Exp Med. 1999; 190(6):875–80. PMID: 10499925
8. Ferretti A, Fortwendel JR, Gebb SA, Barrington RA. Autoantibody-Mediated Pulmonary Alveolar Protei-
nosis in Rasgrp1-Deficient Mice. J Immunol. 2016. https://doi.org/10.4049/jimmunol.1502248 PMID:
27279372
9. Ben-Dov I, Segel MJ. Autoimmune pulmonary alveolar proteinosis: clinical course and diagnostic crite-
ria. Autoimmun Rev. 2014; 13(4–5):513–7. https://doi.org/10.1016/j.autrev.2014.01.046 PMID:
24424195
Predictors of cytokine autoantibodies in healthy blood donors
PLOS ONE | https://doi.org/10.1371/journal.pone.0179981 June 30, 2017 14 / 17
10. Homann C, Hansen MB, Graudal N, Hasselqvist P, Svenson M, Bendtzen K, et al. Anti-interleukin-6
autoantibodies in plasma are associated with an increased frequency of infections and increased mor-
tality of patients with alcoholic cirrhosis. Scand J Immunol. 1996; 44(6):623–9. PMID: 8972745
11. Vincent T, Plawecki M, Goulabchand R, Guilpain P, Eliaou JF. Emerging clinical phenotypes associated
with anti-cytokine autoantibodies. Autoimmun Rev. 2015; 14(6):528–35. https://doi.org/10.1016/j.
autrev.2015.01.015 PMID: 25633324
12. Nanki T, Onoue I, Nagasaka K, Takayasu A, Ebisawa M, Hosoya T, et al. Suppression of elevations in
serum C reactive protein levels by anti-IL-6 autoantibodies in two patients with severe bacterial infec-
tions. Ann Rheum Dis. 2013; 72(6):1100–2. https://doi.org/10.1136/annrheumdis-2012-202768 PMID:
23349134
13. Puel A, Picard C, Lorrot M, Pons C, Chrabieh M, Lorenzo L, et al. Recurrent staphylococcal cellulitis
and subcutaneous abscesses in a child with autoantibodies against IL-6. J Immunol. 2008; 180(1):647–
54. 180/1/647. PMID: 18097067
14. Browne SK, Holland SM. Anti-cytokine autoantibodies explain some chronic mucocutaneous candidia-
sis. Immunol Cell Biol. 2010; 88(6):614–5. https://doi.org/10.1038/icb.2010.72 PMID: 20548324
15. Burbelo PD, Browne SK, Sampaio EP, Giaccone G, Zaman R, Kristosturyan E, et al. Anti-cytokine auto-
antibodies are associated with opportunistic infection in patients with thymic neoplasia. Blood. 2010;
116(23):4848–58. https://doi.org/10.1182/blood-2010-05-286161 PMID: 20716769
16. Meager A, Visvalingam K, Peterson P, Moll K, Murumagi A, Krohn K, et al. Anti-interferon autoantibod-
ies in autoimmune polyendocrinopathy syndrome type 1. PLoS Med. 2006; 3(7):e289. https://doi.org/
10.1371/journal.pmed.0030289 PMID: 16784312
17. Strobel P, Murumagi A, Klein R, Luster M, Lahti M, Krohn K, et al. Deficiency of the autoimmune regula-
tor AIRE in thymomas is insufficient to elicit autoimmune polyendocrinopathy syndrome type 1 (APS-1).
J Pathol. 2007; 211(5):563–71. https://doi.org/10.1002/path.2141 PMID: 17334980
18. Kisand K, Link M, Wolff AS, Meager A, Tserel L, Org T, et al. Interferon autoantibodies associated with
AIRE deficiency decrease the expression of IFN-stimulated genes. Blood. 2008; 112(7):2657–66.
https://doi.org/10.1182/blood-2008-03-144634 PMID: 18606876
19. Kisand K, Boe Wolff AS, Podkrajsek KT, Tserel L, Link M, Kisand KV, et al. Chronic mucocutaneous
candidiasis in APECED or thymoma patients correlates with autoimmunity to Th17-associated cyto-
kines. J Exp Med. 2010; 207(2):299–308. Epub 2010/02/04. https://doi.org/10.1084/jem.20091669
PMID: 20123959.
20. Rosenberg JM, Price JV, Barcenas-Morales G, Ceron-Gutierrez L, Davies S, Kumararatne DS, et al.
Protein microarrays identify disease-specific anti-cytokine autoantibody profiles in the landscape of
immunodeficiency. J Allergy Clin Immunol. 2016; 137(1):204–13. https://doi.org/10.1016/j.jaci.2015.07.
032 PMID: 26365387
21. Gupta S, Tatouli IP, Rosen LB, Hasni S, Alevizos I, Manna ZG, et al. Distinct Functions of Anti-interferon
Autoantibodies in Systemic Lupus Erythematosus: A Comprehensive Analysis of Anticytokine Autoanti-
bodies in Common Rheumatologic Diseases. Arthritis Rheumatol. 2016. https://doi.org/10.1002/art.
39607 PMID: 26815287
22. Browne SK. Anticytokine autoantibody-associated immunodeficiency. Annu Rev Immunol. 2014;
32:635–57. https://doi.org/10.1146/annurev-immunol-032713-120222 PMID: 24499273
23. Ross C, Svenson M, Hansen MB, Vejlsgaard GL, Bendtzen K. High avidity IFN-neutralizing antibodies
in pharmaceutically prepared human IgG. J Clin Invest. 1995; 95(5):1974–8. https://doi.org/10.1172/
JCI117881 PMID: 7738163
24. Svenson M, Hansen MB, Ross C, Diamant M, Rieneck K, Nielsen H, et al. Antibody to granulocyte-mac-
rophage colony-stimulating factor is a dominant anti-cytokine activity in human IgG preparations. Blood.
1998; 91(6):2054–61. PMID: 9490690
25. de Lemos RC, Galle P, Pedersen BK, Hansen MB. A state of acquired IL-10 deficiency in 0.4% of Dan-
ish blood donors. Cytokine. 2010; 51(3):286–93. https://doi.org/10.1016/j.cyto.2010.06.009 PMID:
20638860
26. Galle P, Hougs L, Barington T, Svenson M, Svejgaard A, Thomsen AR, et al. Knocking out IL-6 by vac-
cination. Eur J Immunol. 2004; 34(1):291–300. https://doi.org/10.1002/eji.200324338 PMID: 14971055
27. Svenson M, Poulsen LK, Fomsgaard A, Bendtzen K. IgG autoantibodies against interleukin 1 alpha in
sera of normal individuals. Scand J Immunol. 1989; 29(4):489–92. PMID: 2785711
28. Svenson M, Hansen MB, Thomsen AR, Diamant M, Nansen A, Rieneck K, et al. Cytokine vaccination:
neutralising IL-1alpha autoantibodies induced by immunisation with homologous IL-1alpha. J Immunol
Methods. 2000; 236(1–2):1–8. PMID: 10699574
Predictors of cytokine autoantibodies in healthy blood donors
PLOS ONE | https://doi.org/10.1371/journal.pone.0179981 June 30, 2017 15 / 17
29. Kirchner H, Korfer A, Evers P, Szamel MM, Knuver-Hopf J, Mohr H, et al. The development of neutraliz-
ing antibodies in a patient receiving subcutaneous recombinant and natural interleukin-2. Cancer. 1991;
67(7):1862–4. PMID: 2004299
30. Ross C, Svenson M, Nielsen H, Lundsgaard C, Hansen MB, Bendtzen K. Increased in vivo antibody
activity against interferon alpha, interleukin-1alpha, and interleukin-6 after high-dose Ig therapy. Blood.
1997; 90(6):2376–80. PMID: 9310488
31. van de Loo AA, Arntz OJ, Bakker AC, van Lent PL, Jacobs MJ, van den Berg WB. Role of interleukin 1
in antigen-induced exacerbations of murine arthritis. Am J Pathol. 1995; 146(1):239–49. PMID:
7856731
32. Graudal NA, Svenson M, Tarp U, Garred P, Jurik AG, Bendtzen K. Autoantibodies against interleukin
1alpha in rheumatoid arthritis: association with long term radiographic outcome. Ann Rheum Dis. 2002;
61(7):598–602. https://doi.org/10.1136/ard.61.7.598 PMID: 12079899
33. Jouvenne P, Fossiez F, Banchereau J, Miossec P. High levels of neutralizing autoantibodies against IL-
1 alpha are associated with a better prognosis in chronic polyarthritis: a follow-up study. Scand J Immu-
nol. 1997; 46(4):413–8. PMID: 9350294
34. Ndongo-Thiam N, Clement A, Pin JJ, Razanajaona-Doll D, Miossec P. Negative association between
autoantibodies against IL-17, IL-17/anti-IL-17 antibody immune complexes and destruction in rheuma-
toid arthritis. Ann Rheum Dis. 2016; 75(7):1420–2. Epub 2016/05/01. https://doi.org/10.1136/
annrheumdis-2016-209149 PMID: 27130907.
35. Lutz HU, Binder CJ, Kaveri S. Naturally occurring auto-antibodies in homeostasis and disease. Trends
Immunol. 2009; 30(1):43–51. https://doi.org/10.1016/j.it.2008.10.002 PMID: 19058756
36. Hansen MB, Svenson M, Bendtzen K. Human anti-interleukin 1 alpha antibodies. Immunol Lett. 1991;
30(1):133–9. Epub 1991/09/01. PMID: 1959938.
37. Fosgerau K, Galle P, Hansen T, Albrechtsen A, Rieper CL, Pedersen BK, et al. Interleukin-6 autoanti-
bodies are involved in the pathogenesis of a subset of type 2 diabetes. J Endocrinol. 2010; 204(3):265–
73. https://doi.org/10.1677/JOE-09-0413 PMID: 20016056
38. Galle P, Svenson M, Bendtzen K, Hansen MB. High levels of neutralizing IL-6 autoantibodies in 0.1% of
apparently healthy blood donors. Eur J Immunol. 2004; 34(11):3267–75. https://doi.org/10.1002/eji.
200425268 PMID: 15368270
39. Galle P, Jensen L, Andersson C, Cuzzocrea S, Di PR, Nicoletti F, et al. Vaccination with IL-6 analogues
induces autoantibodies to IL-6 and influences experimentally induced inflammation. Int Immunophar-
macol. 2007; 7(13):1704–13. https://doi.org/10.1016/j.intimp.2007.08.026 PMID: 17996680
40. Hansen MB, Galle P, Salomo M, Svenson M, Dickmeiss E, Gimsing P. Transfusion-related inhibition of
cytokines (TRICK). Experimental transfer of neutralizing autoantibodies to interleukin-6 by plasma
transfusions. Vox Sang. 2007; 92(3):213–23. https://doi.org/10.1111/j.1423-0410.2006.00881.x PMID:
17348870
41. Guldager DK, von Stemann JH, Larsen R, Bay JT, Galle PS, Svenson M, et al. A rapid, accurate and
robust particle-based assay for the simultaneous screening of plasma samples for the presence of five
different anti-cytokine autoantibodies. J Immunol Methods. 2015; 425:62–8. https://doi.org/10.1016/j.
jim.2015.06.010 PMID: 26080061
42. Pedersen OB, Erikstrup C, Kotze SR, Sorensen E, Petersen MS, Grau K, et al. The Danish Blood
Donor Study: a large, prospective cohort and biobank for medical research. Vox Sang. 2012; 102
(3):271. Epub 2011/10/05. https://doi.org/10.1111/j.1423-0410.2011.01553.x PMID: 21967299.
43. Rigas AS, Sorensen CJ, Pedersen OB, Petersen MS, Thorner LW, Kotze S, et al. Predictors of iron lev-
els in 14,737 Danish blood donors: results from the Danish Blood Donor Study. Transfusion. 2014; 54(3
Pt 2):789–96. https://doi.org/10.1111/trf.12518 PMID: 24372094
44. Sorensen CJ, Pedersen OB, Petersen MS, Sorensen E, Kotze S, Thorner LW, et al. Combined oral
contraception and obesity are strong predictors of low-grade inflammation in healthy individuals: results
from the Danish Blood Donor Study (DBDS). PLoS One. 2014; 9(2):e88196. https://doi.org/10.1371/
journal.pone.0088196 PMID: 24516611
45. Kaspersen KA, Pedersen OB, Petersen MS, Hjalgrim H, Rostgaard K, Moller BK, et al. Obesity and risk
of infection: results from the Danish Blood Donor Study. Epidemiology. 2015; 26(4):580–9. Epub 2015/
05/16. https://doi.org/10.1097/EDE.0000000000000301 PMID: 25978794.
46. Suzuki H, Ayabe T, Kamimura J, Kashiwagi H. Anti-IL-1 alpha autoantibodies in patients with rheumatic
diseases and in healthy subjects. Clin Exp Immunol. 1991; 85(3):407–12. PMID: 1893621
47. Maniwa K, Ogushi F, Tani K, Ohmoto Y, Muraguchi M, Sone S. Increased incidence of autoantibodies
to interleukin-1a in rheumatoid arthritis with interstitial lung disease. Respirology. 2000; 5(4):315–20.
PMID: 11192540
Predictors of cytokine autoantibodies in healthy blood donors
PLOS ONE | https://doi.org/10.1371/journal.pone.0179981 June 30, 2017 16 / 17
48. Hansen MB, Svenson M, Abell K, Varming K, Nielsen HP, Bertelsen A, et al. Sex- and age-dependency
of IgG auto-antibodies against IL-1 alpha in healthy humans. Eur J Clin Invest. 1994; 24(3):212–8.
PMID: 8033957
49. Cappellano G, Orilieri E, Woldetsadik AD, Boggio E, Soluri MF, Comi C, et al. Anti-cytokine autoanti-
bodies in autoimmune diseases. Am J Clin Exp Immunol. 2012; 1(2):136–46. PMID: 23885320
50. Menetrier-Caux C, Briere F, Jouvenne P, Peyron E, Peyron F, Banchereau J. Identification of human
IgG autoantibodies specific for IL-10. Clin Exp Immunol. 1996; 104(1):173–9. https://doi.org/10.1046/j.
1365-2249.1996.d01-646.x PMID: 8603523
51. Kildey K, Rooks K, Weier S, Flower RL, Dean MM. Effect of age, gender and mannose-binding lectin
(MBL) status on the inflammatory profile in peripheral blood plasma of Australian blood donors. Hum
Immunol. 2014; 75(9):973–9. https://doi.org/10.1016/j.humimm.2014.08.200 PMID: 25167768
52. Bartlett DB, Firth CM, Phillips AC, Moss P, Baylis D, Syddall H, et al. The age-related increase in low-
grade systemic inflammation (Inflammaging) is not driven by cytomegalovirus infection. Aging Cell.
2012; 11(5):912–5. https://doi.org/10.1111/j.1474-9726.2012.00849.x PMID: 22708923
53. Versini M, Jeandel PY, Rosenthal E, Shoenfeld Y. Obesity in autoimmune diseases: not a passive
bystander. Autoimmun Rev. 2014; 13(9):981–1000. https://doi.org/10.1016/j.autrev.2014.07.001
PMID: 25092612
54. Perricone C, Versini M, Ben-Ami D, Gertel S, Watad A, Segel MJ, et al. Smoke and autoimmunity: The
fire behind the disease. Autoimmun Rev. 2016; 15(4):354–74. https://doi.org/10.1016/j.autrev.2016.01.
001 PMID: 26772647
55. Majello B, Arcone R, Toniatti C, Ciliberto G. Constitutive and IL-6-induced nuclear factors that interact
with the human C-reactive protein promoter. EMBO J. 1990; 9(2):457–65. PMID: 2154372
56. van RM, Hansson LO, Frostegard J, Silveira A, Hamsten A, Bremme K. Treatment with combined oral
contraceptives induces a rise in serum C-reactive protein in the absence of a general inflammatory
response. J Thromb Haemost. 2006; 4(1):77–82. https://doi.org/10.1111/j.1538-7836.2005.01690.x
PMID: 16409455
Predictors of cytokine autoantibodies in healthy blood donors
PLOS ONE | https://doi.org/10.1371/journal.pone.0179981 June 30, 2017 17 / 17
